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Introduction 
!
Creative industries are always developing ways to make entertainment more immersive to 
create a more realistic experience for the audience. One well known example would be 3-D 
movies, where certain graphics in a film are given depth. Sound is also becoming more 
immersive through the introduction of multi-dimensional audio. Multi-dimensional audio is an 
object based audio codec, and it is different than surround sound because it is not limited to 
a specific number of channels. Instead, sound objects are positioned independently and 
mapped to any configuration of speakers during playback (“DTS:X”). DTS, Inc. is a consumer 
audio company, and recently they came up with their own software to create and play back 
multi-dimensional audio called the MDA Mixer Kit, which is part of their immersive sound 
technology called DTS:X (“DTS:X”).  !
MDA has a couple of competitors in spatial audio. A number of theaters have installed Dolby 
Atmos, which is Dolby Digital’s version of multi-dimensional audio. However, the Atmos 
system is limited because it requires very expensive equipment and is not compatible with 
different speaker configurations. Auro-3D is another spatial audio codec made by Auro 
Technologies, but it also requires special hardware for playback (“Auro-3D”). DTS:X has 
many advantages such as its backwards compatibility, flexibility in terms of number of 
loudspeakers and their configuration, and great audio quality (“DTS:X”). !
Cal Poly is lucky enough to have a good relationship with DTS. In the spring of 2013, DTS 
donated a set of loudspeakers to Cal Poly to be installed in the Game Design Lab in the 
Computer Science building, room 14-255. Sound foam was also put up and a computer was 
designated to become the audio computer, but that was the end of the work on this project. 
The intended purpose of installing the speakers in the lab was to create a space where 
students could create multi-dimensional audio using the MDA Mixer Kit software made by 
DTS, but that vision wasn’t realized in the initial stage of the project. Another problem 
besides not having the software was that no documentation existed for MDA. DTS:X was just 
announced to the public in April 2015, but only hardware to play back MDA files was 
revealed. The software is still in its beta stage, so only certain organizations currently have  
access to it.  
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Research Question: How can we use speakers donated by DTS to create a multi-
dimensional audio mixing station and how can we make it easier for students to use it in the 
future? 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Deliverables 
!
The purpose of my project is to put the speakers in the Game Design Lab to good use and 
to make it possible for students to use them. In order to achieve both of these objectives, my 
project contains the following deliverables:  !
Functional Workstation in Game Design Lab 
In order for students to be able to use the loudspeakers for their intended use, the mixing 
station in the Game Design Lab must have the necessary hardware and software. My first 
deliverable is to have a working 3-D sound station running the DAW (digital audio 
workstation, which is a type of software used in audio production) Avid Pro Tools with the 
DTS MDA (multi dimensional audio) plugin that students can use to create 3-D sound for 
multimedia projects. The entire system consists of the speakers that DTS donated, which 
were installed in 2012, an audio interface to allow the computer to send audio signals to the 
speakers, and a computer with Pro Tools and the MDA Mixer Kit software.  
!
MDA Mixer Kit User Guide  
My second deliverable is to create a user guide to assist the users in creating 3-D audio for 
their projects. The guide should be allow students with or without sound design experience 
to create multi-dimensional audio assets for multimedia projects such as movies or video 
games. The guide should cover all of the features within the MDA software and a basic 
overview of Pro Tools with all of the information someone would need to know to use the 
MDA Creator plug-in. No documentation currently exists for the MDA Mixer Kit, so my guide 
will be the first user support documentation for this technology. !
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Literature and Technology Review 
!
For my literature and technology review, I researched relevant technologies to my project. 
Even though I didn’t use all of the information that I learned through the research process, it 
was helpful to have an understanding of related technologies when I was learning to use the 
MDA Mixer Kit and creating the guide.  !
Traditional Surround Sound Mixing Technique 
Surround sound mixes are typically made for 5.1 or 7.1 sound systems, with five or seven 
loudspeakers placed around the room and a subwoofer for low frequency effects (LFE) 
objects. 5.1 surround consists of the center channel, left and right channels, and left and 
right back channels. 7.1 surround consists of the center, left and right front, left and right 
side, and left and right back channels. Traditionally, the dialogue is placed in the center of 
the screen, the music in the back, and the sound effects on the sides (White). When mixing 
for multi-dimensional audio, it is important to have a foundation in traditional surround 
sound mixing to know where to place certain sounds. For example, dialogue should mostly 
be placed near the center of the screen because so that attention is drawn to the characters 
who are speaking. Low frequency effects are also sent to the subwoofer in both surround 
sound and MDA mixing (White). !
Vector Based Amplitude Panning (VBAP) 
The first paper on Vector Based Amplitude Panning was published in 1997 by a Finnish audio 
engineer and researcher named Vill Pulkki, who specialised in three-dimensional sound and 
virtual acoustics. In his paper titled “Virtual Sound Source Positioning Using Vector Based 
Amplitude Panning,” he covers a multitude of topics pertaining to vector based amplitude 
panning, which is a method of creating three-
dimensional audio. When a sound is three-
dimensional, it can sound like it’s coming from 
anywhere in the room, which is also known as 
a virtual sound source. The purpose of Pulkki’s 
paper is to describe how to create virtual 
sources for sounds using two or more speakers 
in any configuration. Pulkki also delves into the 
math behind vector based amplitude panning, 
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Figure 1. VBAP diagram (Pulkki)
                                                                                                                                                               
describes how to implement it, and gives examples of some of the experiments he had 
conducted (Pulkki). The MDA Mixer Kit uses VBAP to be able to have the speakers be 
arranged in any configuration. In VBAP, loudspeaker configuration is arbitrary because the 
software compensates for the number and placement of the speakers. The loudspeakers can 
even be placed in a two-dimensional configuration. Vector based amplitude panning 
methods use a minimal amount of speakers at one time for each virtual source and can also 
compensate for bias in perceived direction by the listener when the speakers aren’t placed 
symmetrically (“Vector Based Amplitude Panning”). !
Pro Tools 
Pro Tools is the industry standard digital audio workstation, or DAW, made by Avid 
Technologies. It is used to record and mix audio in the music, film, and gaming industries. 
Pro Tools is a very versatile program. The software itself comes with a large variety of plug-ins 
that can do basic effects such as reverb, EQ, and compression. There are also many plug-ins 
available to purchase for Pro Tools that can do more precise effects, manipulate the audio in 
different ways, or add instruments for MIDI tracks. MDA Creator is a plug-in for Pro Tools, so 
it was essential to have Pro Tools in order to create multi-dimensional audio using the MDA 
Mixer Kit. !
Avid, the company that created Pro Tools, provides extensive documentation on how to use 
all of the different features and extensions of Pro Tools. This documentation proved to be 
instrumental in the design of my user guide for the MDA Mixer Kit.  !
Not only did I use the design of the Pro Tools documentation as inspiration for my own 
guide, but it was necessary to know how to use Pro Tools somewhat efficiently in order to use  
the MDA Creator. 
!
Psychoacoustics 
Psychoacoustics is the study of sound perception. Sound is essentially vibrations through the 
air. When these vibrations reach the eardrum in the middle ear, they cause the bones in the 
inner ear to vibrate. The cochlea, the organ in the inner ear, translates the motion into 
neurological signals, which the brain interprets as sound (Nair). Being able to enjoy music or 
communicate orally is not the only purpose of hearing. Our ears have many more purposes, 
such as sound stimulation, or the excitement of the nervous system by auditory information, 
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and auditory localization (Leeds). Auditory localization,  or the “judgments on the location, 
distance, movement, and size of a sound source based solely on auditory cues,” is a key 
concept behind multi-dimensional audio. Based on what we hear, our brains can put 
together a mental map of what is around us (Nair). For example, when we hear a sound 
behind us, we can know the general location of the sound source without having to see it 
because of how the sound waves change when they reflect off of our surroundings and 
ourselves and because of the time delay in how long it takes for them to reach each ear. An 
audio engineer can simulate these effects to trick the brain into thinking there is a sound 
source where there isn’t one, which is how multi-
dimensional audio works. !
Binaural Recording 
Binaural recording is a recording technique using a 
dummy head with the microphones placed in the ears, 
as seen in Figure 1. Audio recorded using this 
technique sound very similar to the real-life experience 
because the sound waves traveled in a similar pattern 
to how humans actually hear the sound. Sound waves 
interact with the outer ear and surround space before 
reaching the inner ear. The sound that reaches each ear 
is also different because it may be louder on one side 
and it might reach one side before the other. The 
binaural system records these differences, so the 
resulting audio creates a 3 dimensional experience for 
a listener who is wearing headphones (Lalwani).  !
The MDA Mixer Kit is different than binaural recording because you don’t have to use an 
expensive dummy head to record the audio and it can be reproduced using a speaker 
system. However, DTS uses a binaural system to figure out how sound waves change 
between a specific location and the inner ear of a listener. They can achieve this by playing a 
signal and recording it with a dummy head placed in the ‘sweet spot’ of the room and then 
comparing the recorded signal to the original. From this information they come up with an 
impulse map which shows where and how the sound waves are changing. They then 
incorporate that information into their software to create a multi-dimensional audio 
experience with loudspeakers.  
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Figure 1. Binaural Dummy Head (Pike)
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Pulse-Code Modulation 
Pulse-Code Modulation (PCM) is a lossless digital conversion of an analog signal. PCM is an 
uncompressed audio format, so the quality is really great. MDA uses PCM, which is one of 
the many reasons that it is so great!  !
My Project 
My project is unique because Cal Poly did not previously have a space to mix multi-
dimensional sound. There is also no documentation on how to use the MDA Mixer Kit 
because it is such a new technology.  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Technology Overview 
!
Hardware 
The hardware involved in this project include the loudspeakers donated by DTS and the 
audio interface (M-Audio ProFire 610). All of the hardware was preinstalled.  !
The M-Audio ProFire 610 is the audio interface 
that connects the computer to the speaker 
system. It was initially chosen because it has 
eight channels of output, which is necessary to 
send sound to all of the speakers. It also uses 
a firewire connection, as opposed to a USB 
connection which is not as good for audio 
because of the way it transfers data. To use the 
ProFire 610, the driver must be installed, 
which can be downloaded from the support 
section of the M-Audio website. !
Software 
The software needed for this project include the MDA Mixer Kit and Avid Pro Tools. The 
MDA Mixer Kit is the software that was intended to be used in the Game Design Lab when 
DTS donated the speakers. It is a plug-in, or extension, for Pro Tools, which is why Pro Tools 
was the chosen DAW.  !
MDA Mixer Kit 
The MDA Mixer Kit is the software created by DTS to 
mix in a 3D space. It includes the MDA Creator and 
MDA Player. The MDA Creator is the actual Pro Tools 
plug-in. It has many features, which allow the user to 
place sounds around a three-dimensional space, to 
change the spread, aperture, and divergence of the 
sound, and to add track automation, among other 
things. The MDA Creator can also render the mix, 
export it as an MDA file, or export each track as a 
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Figure 2. M-Audio ProFire 610 Audio Interface
Figure 3. MDA Creator Screenshot
                                                                                                                                                               
separate wav file. The MDA Player is a separate application that is used to play back MDA 
files. It also has the option to play back videos at the same time.  !
Avid Pro Tools 
Avid Pro Tools was chosen because it is the software that the MDA Creator works with. It is 
also the industry standard audio editing and mixing software for music, film, and video game 
audio. 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Figure 4. Pro Tools Screenshot
                                                                                                                                                               
Design and Implementation 
!
Timeline 
!
January: Project refinement, started research 
February: Research  
March: Submitted IRB proposal 
April: Acquired software, started playing with MDA 
May: Trip to DTS, wrote guide, usability testing 
June: edited guide, paper, presentation !
Research 
At the beginning of the project, I reached out to Jay Wyatt, a Liberal Arts and Engineering 
Studies alumni who is currently working at Ultra Stereo Labs, Inc. in San Luis Obispo. He uses 
the MDA Software for his work, so he was able to give me some topics to research. The 
topics he told me to research included:  !
• Traditional Surround Sound Mixing Techniques 
• VBAP (Vector Based Amplitude Panning) 
• Pro Tools !
Later, I went on a field trip to DTS in Los Gatos with a team of Computer Science students 
led by Dr. Michael Haungs, who are working with DTS on a different project. The trip was still 
very relevant to my project because MDA was a large part of the discussion. Not only did I 
gain motivation and inspiration from this trip, but I also learned about some other areas to 
research which included:  !
• Psychoacoustics 
• Binaural Recording 
• Pulse-Code Modulation !
Learning to use MDA 
Learning to use the MDA Mixer Kit was mostly by trial and error. I was also able to ask Jay to 
verify if what I was doing was correct throughout the learning process.  
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Writing the Guide 
I used the Pro Tools documentation as inspiration for the design of my guide. Some things 
that I took away from the Pro Tools documentation was the use of bold type to emphasize 
key words, how images were labeled, and how the sections were broken down. Some 
differences were that I didn’t use columns in my guide . The organization of my guide was 
also different because I was only writing about one plug-in. Figure 5 shows the MDA Guide 
(on the left) compared to the Pro Tools Reference Guide (on the right). 
 
!
The chapters in my guide included an introduction, an introduction to Pro Tools, an overview 
of the MDA Creator plug-in how to export, and how to play back an MDA file. The first 
chapter gave the purpose of the guide and a brief background of multi-dimensional audio 
and the MDA Mixer Kit. The introduction to Pro Tools gave the very basics of Pro Tools and 
all of the necessary features to use the MDA Creator. The chapter about the MDA Creator 
went included how to add it to a track, what each feature is, and what the settings meant. 
The chapter about exporting MDA went over how to render the mix and how to export it as 
either an MDA file or as separate wav files. The last chapter told the user how to play back 
and MDA file using the MDA Player.  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Figure 5. MDA Guide vs. Pro Tools Guide
                                                                                                                                                               
Analysis and Verification of Success 
!
I used two factors to evaluate my success in this project: the functionality of the workstation 
in the game design lab and an evaluation of the guide I created. 
!
Functionality of Workstation 
This portion of the analysis and verification of success was based on how well the hardware 
and software in the Game Design Lab were working by the end of the quarter. I created a 
gradation of how well the workstation functioned based on a scale from 1 to 5, with 1 being 
non-functional and 5 being working perfectly. I received a 4 on this section because although 
all of the hardware is connected correctly and all of the necessary software has been 
acquired and installed onto the designated computer, there was a minor problem that 
prevented the workstation from working as indicated in the beginning of the project. The 
problem was that the MDA Mixer Kit software is currently only available for Mac computers 
and the Game Design Lab computer is Windows. However, a Mac computer can be 
connected to the speaker system through the audio interface, which is what I ended up 
doing.  !
Usability Study 
The tasks presented to the participants included the following two activities. The participants 
were asked to complete as they felt necessary in order to be able to evaluate the MDA User 
Guide. The research was approved by the Cal Poly Institutional Review Board and Human 
Subjects Committee. !
Activity 1 
1. Open Pro Tools and create a new session and call it ‘Activity 1’. 
2. Create a new mono audio track.  
3. Drag the file called ‘Fly.mp3’ onto the track that you have just created. Trim the clip so 
that it is 20 seconds long.  
4. Insert the plugin called ‘MDACreator’.  
5. Open the MDACreator and select the c51.vbap speaker configuration and the ProFire 
610 for the output device. Press ‘Send’. 
6. Make sure ‘Aperture’ and ‘Divergence’ are at 0.0 degrees.  
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7. Record the movements of the fly by creating an automation track (select all of the 
options) and moving the red dot around in the circle. 
8. Put the automation mode back to ‘Read’ in the edit window and play back the sound. 
The red dot should move around on its own.   
9. Render the track.  
10. Export the track as and MDA file to the desktop and name it “Task1.” A .map, .mda, 
and .mix file should appear.  
11. Open the MDAPlayer application and select the appropriate speaker configuration and 
output device if they are not already selected.  
12. Load in the MDA file you just created and press play. You should hear your sound play 
back.  !
Activity 2 
1. Open the Pro Tools session called ‘Activity 2’ located on the Desktop. You should see 
three tracks.  
2. Add the multichannel MDACreator plugin to the track called ‘Rain’ and select the 
speaker configuration, output device, and press send.  
3. Set the spread and divergence to 0.0, the elevation to 90.0, and set the aperture so that 
it fills the room.  
4. Insert MDACreator to the ‘Helicopter’ track and adjust the spread, aperture, and 
divergence each to about 20.0 degrees. Press send.  
5. Record an automation track for the helicopter in both the 2D and 3D spheres. Set the 
automation mode back to read when you are done. 
6. Insert the MDACreator to the last track. Press send.  
7. Record an automation track of the footsteps going from left to right. Set the mode back 
to read when you are done.  
8. Consolidate the helicopter and running tracks so that they are each the length of the rain 
track.  
9. Play back parts of the session to make sure everything still plays.  
10. Render the entire session.  
11. Export the session as an MDA file and name it “Task2.”  A .map, .mda, and .mix file 
should appear.  
12. Play back the .mda file using the MDAPlayer.  !!
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Upon completing as much as of the tasks as deemed necessary, the participants were asked 
to fill out a questionnaire evaluating the guide. They were asked the following questions:  !
1. What is your major?  
2. What is your class level?  
3. On a scale of 1-5, how experienced are you with sound design?  
4. On a scale of 1-5, how experienced are you with Pro Tools?  
5. On a scale of 1-5, how difficult would you say the tasks were?  
6. On a scale of 1-5, how effective was the guide with helping complete the tasks?  
7. On a scale of 1-5, how helpful were the images provided in the guide? 
8. On a scale of 1-5, how would you rate the organization of the guide? 
9. Comments or suggestions?  !
Results of the Study 
I had six participants for my usability study from Liberal Arts and Engineering Studies, Music, 
and Engineering (Software, Computer Science, and Biomedical) majors. Based on my results, 
major and class level did not affect how each participant performed in the study. 
Performance was more influenced by sound design and Pro Tools experience.   !
The sound design experience of my participants ranged from no experience to some 
experience, as seen in Figure 6.  
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Figure 6. Sound Design Experience of Participants
Sound Design Experience
1 = No experience 
5 = Very experienced
                                                                                                                                                               
They also had little to no experience using Pro Tools, as indicated in Figure 7.  
!
The difficulty rating of the tasks I presented varied from very easy to difficult and were split 
fairly evenly, as seen in Figure 8.  
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Pro Tools Experience
1 = No experience 
5 = Very experienced
Figure 7. Pro Tools Experience of Participants
Difficulty of Tasks
1 = Very Easy 
5 = Very Difficulty
Figure 8. Rated Difficulty of Tasks Presented
                                                                                                                                                               
Overall, my guide scored fairly well. I received a 3.167 out of 5 for the images, 4 out 5 for the 
organization, and 3.67 out of 5 for the overall helpfulness of the guide.  
I also gained valuable feedback from the questionnaire. The most common suggestion was 
to include more pictures and diagrams in the guide.  !!!!!!!
!!!!!!!!
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Figure 9. Ratings of Images, Organization, and Helpfulness of Guide
1 = poor 
5 = excellent
Evaluation of Guide
                                                                                                                                                               
Societal Impacts 
!
More Sound Design at Cal Poly 
Although Cal Poly does have a sound design program through the Music Department, it only 
offers three classes and the studio is very small and ill-equipped. There is interest in sound 
design and audio engineering at Cal Poly, which is apparent from the existence of the Audio 
Engineering Society, which is a club on campus, the growing popularity of LAES and the 
Media Arts and Technology minor, and the number of music majors concentrating in sound 
design. My project will hopefully give the students with a passion for sound design another 
outlet to gain experience not only in audio engineering, but also in a new technology that is 
not available at other schools. Another way that my project could increase the amount of 
sound design at Cal Poly would be to peak the interests of students who are not yet 
interested in audio engineering.  !
Students can create Multi-dimensional audio for multimedia projects 
Another impact my senior project could have on the Cal Poly community is to give students 
the opportunity to create multi-dimensional audio for their multimedia projects, such as films 
or video games. The entertainment industry is increasingly embracing immersive 
entertainment, and students at Cal Poly have the unique opportunity to get experience with 
this new technology. Having multi-dimensional audio in their projects would look really 
impressive on their resumes and it would give Cal Poly more student projects to showcase. !
Sustain Cal Poly’s Relationship with DTS 
Cal Poly already has a great relationship with DTS, and through my project, I hope to get 
more students interested in immersive audio so that they will be motivated keep up this 
connection with a great company. DTS will also hopefully see Cal Poly as a valuable partner 
and its students as future members of the industry. I hope that in the future, DTS will want to 
collaborate on even more projects with Cal Poly students.  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Future Work 
!
Students Use Guide 
The most beneficial future work for my project would be for students to use the guide. The 
whole purpose of my project was to have the speakers in the Game Design Lab be used for 
their intended purpose, which is to create multi-dimensional audio assets. The next step is 
for students to use them for that purpose, and to use the guide as a reference at the same 
time. !
Update Guide 
The MDA Mixer Kit is currently a Beta version. As DTS continues to update their software, it 
is important for the guide to be updated as well so that students who are new to MDA can 
still use it. Updates to the guide may include new features of the MDA Creator plug-in or 
MDA Play application, new screenshots of the 
interface if it changes, or new sections for 
additional features. It may also be helpful to 
perform more usability tests as the guide 
changes to make sure that it is as helpful as 
possible. !
Make Game Design Lab more ideal for 
Sound Mixing 
Right now, the workstation in the Game 
Design Lab is located in the corner of the 
room, as seen in Figure 10. This is not ideal for 
sound mixing because the sound designer 
would be closer to the corner speaker and 
hear the output of that speaker louder than 
the rest of them. The ideal location for the 
mixing station would be in the center of the 
room so that the sound designer could hear 
how the mix sounds from the ‘sweet spot,’ or 
from where it sounds the best (Figure 11). 
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Figure 10. Current Location of the Mixing Station
Figure 11. Ideal location for Mixing Station
                                                                                                                                                               
However, the Game Design Lab is also used for classes, so the station would have to be able 
to roll out to the center of the room. This presents a challenge because of the cables and 
hardware that are part of the workstation.  !
Another improvement that could be made to the workstation would be to replace the 
Windows computer with a Mac. This is not absolutely necessary, though, because it is 
possible to connect a Mac laptop to the audio interface.  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Conclusion 
!
Overall I am very pleased with my project. What I am most please about is that Cal Poly has 
the software to create multi-dimensional audio and that all of the hardware is connected and 
working correctly. I am also very happy that at least the students working on the other 
project with DTS are going to be using MDA and that it is likely that they will use my guide.  !
As for the guide, I am also pleased about how it turned out. Based on my usability study, the 
organization seems to be intuitive and now that I’ve added more images, I hope it will be 
even easier to use so that more people will create multi-dimensional audio and the speakers 
will be put to good use. I also hope that sound design and audio engineering continues to 
grow at Cal Poly.  !
On a personal note, I am very happy that this was my senior project. I learned a lot about 
sound design and it was a wonderful opportunity (and excuse) to research topics that I have 
a lot of interest in, such as psychoacoustics and different recording techniques. I also learned 
about topics that I had no knowledge of before starting this project, such as vector based 
amplitude panning and pulse-code modulation. Another thing I learned about over the 
course of this project is the importance of being persistent and how to do so politely, which I 
learned when trying to get the MDA software.  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